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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

ADVANCE CONFIDENTIAL REPORT

WIND-TUNNEL INVESTIGATION OF EFFECTS OF A PUSHER
PROPELLER ON LIFT, PROFILE DRAG, PRESSURE
DISTRIBUTION, AND BOUNDARY-LAYER
TRANSTITION OF A FLAPPED WIHG
By Carl A. Sendahl

SUMMARY

Some of tre effects of pusher-proveller oneration on
tha eerodynanic char:cterletlcs of a Tlapped wlng were
measured in the Langley propsller-recsearch tunnel. The
effects of propeller operstion on the 1l1ft and profile
drag of the wing, on preissure Jdistribhution, and on the
position of boundary-layor trensltion were obtalined. The
results indicated that, ~t fixzed engles of attack and wlth
flans deflected, the wing 1lift incrsssed appreclebly with
Inecresesing thrust zcoofflclent., Vith flans retracted, no
eporaclable increaese in 1lift with increases 1n thrust coef-
flelent was measurzd., Shordwise prissurs distrlbutions at
several snanwlse stnllona indfcanted that the offect of
prop-.ller operutlion wes greatsst In the reglon lmmecdiatsly
eah2ad of the oropaller and that ths ctffost extended out-
board fraom the propeller axls for about 2.5 propeller radll.
Msasuremants of boundary-laysr velozlty on th3 forward vart
of the upper surface of the wing showed no spprcciable
shift of trsesmsitlon 1n the range of thrust coaefliclents
investigated.

INTRODUCTICN

As part of e study of the efficlency of a pushsr
propsller behind a low-drag wing, some mesasurements
relating to the effects of the propsiler inflow on the
asrodynamlce characterlstlics of the wing were mace in the
Langley propeller-research tunnel. The data, which are
prosented herein, show the effects of propeller operation
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on the 1ift of the wing with flaps retracted and deflected,
on the pressure distribution, on the section oroflle drag,
end on the posltion of boundary-layer transition on the
upper surface.

APPARATU3 AND TESTS

The general arrengement of the model used in the
present investigetlon is shown in flgure 1 and the model
conflgurations, 1In figurs 2. The geometric cheracter-
1stics of the model are es follows:

Wing area wlth flap retracted, square feet . . . . 77.2

Wing snan, feet . . . e « « o s o » o« 16.0

Wing chord with flsp retracted feet . . . . « . L.932
ASPECE TALIO o + o o o o0 o o o e . . e . 3.34
AMrfoil section . .+ » + o + + « HACA 63,&-&20 (sporox.)
Flap chord, feet . . « « « « o &+ o o & « o o 1l.22
Propeller diemeter, feaet . . « ¢« ¢ &« ¢« ¢+ ¢« o ¢« ¢ « o 4.0

The wing was constructed of weod covered with flber-
board. For the tests to determlne boundary-leyer transi-
tion, the wing was carefully sended and waxed; however,
for the other tests, 1lncluding thre msesurements of profile
dreg, the wing was considerably less smooth, »narticulerly
at the leading edge.. Full-span lendlng flaos of single~-
slotted, double-slotted, and spllit tynes were used with
the wing. The racelle wses falrsd into the wing aad no
provislcn was made for sir flow through the nacelle.

The three-bleds oroneller with a L-foot diameter
wes a Hemllton-Stendard 6101 design of modified pitch
distribution and right-hend rotation. (See fiz. Z.) The
proneller was driven by e veriable-speed varlieble-frequency
Induction motor rated at 70 horsenowser at 3000 rom. The
propeller blades were set et 22.50 at the 0.75-radius
statlon. The meximum oroneller rotationsl svsed was
3000 rpm, esnd the meximum wind-tunnel speed wes 30 miles
per hour. Tunnel snecds lowsar then the maximum were
necessary in develovning the higher values of thrust
coefficlent of these tests. The range of thrust
coefficlents usad was extended to values considerably
higher then those of normal flight in order to accentuate
the effects of oropeller operatlion on the asrodynamic
characteristics of the wing.
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Ii1fts were measured over a renge of thrust loedings
at flap deflections of 096 20°, and L40° and et geometric
angles of attack of 0°, 3°, 6°, and 9°. Pressure distri-
bution, profile drag, and boundary-layer transition were
me&asured oniy with the flap retracted.

The sectlon proflle-drag coeffliclent was measured
et three spanwlse statlons 1In the vicinlty of the propeller.
(cee fig. 1.) The limited space between the wing and the
propeller necessitated mounting the rake immediately
behind the tralling edge as shown in figure li. Both
statlc and total pressure were meesured.

The pressure dlstributlion over the wing was measured
with a pressure belt constructed of 0.0l0-inch copper
tubes soldered togethsr as shown 1n figure 5. The excess
solder was scraped from the surface of the belt, and an
orifice with a dlameter of 0.020 inch was drilled into
the wall of each tube at the deslired chordwlse locations.
The belt was then formed to the wing sectlon and mounted
on the surface.

Boundary-layer transitlion was determined from msasure-
ments in the boundery leyer over the forward 60 percent
of the upper surface of tke wing at seven spanwlse sta-
tions. (8See fig. 1.) The total pressure in the boundary
layor wes measured wlth 0.0/,0-inch stalnless steel tubes
flattoned to en inside height of 0.006 inch. (3ee fig. 6.)
The geometric centers of the tubes were set 0.Cll inch
above the wlng surface. The veloclty in the boundery
layer was calculated by using the total pressure in the
boundary layer and the iocal stautic pressure previously
meesured with the prsssure helt.

SYMBOLS

total 1ift coefflicient of wing with nropeller
Resultant vertical force
operating

OLy

(3
qo"

AC increment of 11ft coefflclient due to propeller
LP thrust inclination

Vertlcal component of propeller axial force
QoS
_Te 8ln a )

= o
U
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net 1lift coefficlent of wing (CLT - ACLP)

gection proflile-drag coefflcient

Section profile drag
GoC

effective thrust dis%-loading coefficlent based

on propeller dis't srea (l "
V, D

effective thrust, pound

propeller dismeter, feet

free-stream veloclty, feet ner second

velocity in surfsce direction inzide boundary
layer, feet per sscond

wing area, square feet

wing chord, feet

mass density of alr, slugiper cublc foot

angle of attack, degrees; measured between thrust
line (coincident with choid line) and relative
wind; corrected for Jet boundary

flap deflsectlon, degreecs

distance from lesding edge of wing parallel to
chord line

lateral dlstences from plane of symretry

free-stream cynamic pressure (%FV02>

local statiec pressure on wing

free-stream staotic pressures
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P average chordwlse pressure ratio <P_é_£2> -
o)

RESULTS AND DISCTUSSION

The results of thlis iInvestigatlion are presented in
four sectlons showlng the effects of propeller operation
on (1) 11ft, (2) chordwlse and spanwlse pressure dlstri-
bution, (3) boundary-leyer trensition,and (l.) profile
drag. The data are expressed In nondimensional coeffl-
clents end have been ccrrected for Jlet-btoundaery effects.

In a preliminery ccemparison, it wes found that 1lift
with nropsller operating at T, = O would agree with
11ft for the propeller removed within erperirental accu-
racy. The 1ift coefficlents at 7, = 0 1in this report
may therefore be considered es propeller-removed values.

Lffect of nropeller operation on 1lift.- Lift wilth
nower on is consicered to have four comronents: (1) the
1ift of ths wing at T, = O, (2) the increment of 1lift
0l the wing caused by operation of the propsller,

(?) the vertical component of vropeller axial force, ond
(i) the propeller nom:el force. The maximum prodeller
normal force developed In these tecests le estimated to be
within the scatter of cxperimental points. Component (2),
the 1ncrement of 1ift, 1s then obtained by deducting com-
ponents (1) and (3) from the measured resultant vertical
force. 1In eveluating component (3), the propeller axial
force was assumsd to be equal to the effective thrust

and lndependent of angle of attaeck at a given value of
advance-diamoter ratio.

The varistion of total 1ift coefficlent CL wlth

thrust disk-loading coefficlent T, 1s glven 1anigure T
for several angles of attack and several flap deflections.
In correcting the angles of attack for jet-boundary
effects, the total 11ft coefficient CLT at T, = 1.0

wae used. This simplification introduced inaccuracies

in angle of attack of the order of *0.3° and corresvonding
changes in total 11ft coefflcient of 10.012, which is
wlthin the scatter of the experimental polnts. The
vertical cormonent of propeller axial force has been
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deducted from the feired curves of total 1ift coefflclent
of figure 7, and the resulting net 11ft coefflcient 1s
cross-plotted agalrist engle of attack at three values
of T, 1in figure 8. In thls figure, the angle of attack

has been corrected by using the total 1ift coefflcient
at each value of T,. The curves of flgure 8 indicate
that the slope of the 1ift curve 1s avproximately
independent of T,. With flaps retracted, propsller
operation -~ even at high thrust cnefficlents - dld not
appreciebly affect the wing lift (fig. 8(a)). With
fleps deflected, however, the 1lift increased with
increasing T,. The incremsnt of wing 1ift resulting
from propeller ooneration 1s the difference in 1ift
between the curves for T, = O anc curves for the
propeller operating in figure € and 1s attributed to
only the proveller Inflow. It 1s ncted that a Rritish
investigation (reference 1) shows learger increases in
11ft due to proneller operation than were msasured in
the present investlgation.

Iess 1ift was cbtalned at T, = O with the double
than with the single slotted flap. The difference may
have been caused by Iincorrect design of the double
slotted flavo.

Effect of propeller oneration on vressure distri-
butiofi. = The chordwlise pressure dlstributlion a4t several
spanwise stations and several values of Teo 18 glven in
figure 9. The maxliwum observed decrease in local pres-
sure &ssoclated with propeller operetlon occurred near

the tralling edge at % = 0.20, the polnt of measure-

ment nearest the thrust center line. The pressure decrease
at 8¢ = 0° was approximately the same over the upper

and lower surfaces, an indlicatlon that there was no
aopreclabls change in 11ft. This result is in agreement
wlth the results of the force tests given 1n figure 8(a).

From figure 10, In whkich the averaze chordwlse pres-
sure ratlo 1s nlotted agalnst spenwlise station, it may
be noted that ths pnropeller effect extended outboard to

5 = 1.0, or about 2.%Y propeller radii from the pronellesr
axls.
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Effect of propeller operation on boundary-layer
trensltion.- The ratio of the veloclty.at a constant
helght (0.011 in.) in the boundary layer to free-stream
velocity u/V, 1s plotted as a functlon of the distance
from the leading edge /¢ 1in figure 11 for several
thrust coeffliclents and test velocitles. No appreciable
shift iIn translition assoclated with propeller operation
or with Reynolds number was measured. This result is
in agreement with reference 2.

Effect of propeller operatlion on sectlon profile
drag.- The sectlon profile-drag coefficient was measured
at three svanwlse statlons in the vicinity of the pro-
peller. (See fig. 1l.) The variation of sectlon profile-
drag coefficient wlth thrust disu-loasding coefficlent 1is
glven In figure 12 for thres test velocities. The rather
high orofile-drag coefficlents mensured st T, = 0 are
attributed to surface rouvghness nesr the lsading edge,
which presursbly caused transition to occur nuch farther
forward than with the highly polished surface on which
the transition measurements of flgure 11 were obtailned.
Larger increases of section proflle-drag coefficlent
with increasing thriust coefficlent occurred than cen be
accounted for as 1ncreased skln friction due to the
increased veloclty in the propeller inflow. These
Increases 1n drag coefliclent ars probably due to the
actlon of the low-nressure region in front ol ths pro-
peller in drawing low-energy boundary-layer air from
other sectlons of the wing toward the sections ahecd of
the survey rake.

CONCLUSIONS

The foregolng analysis of measurements made to
determine the effects of pusher-»ropeller operation on
some of the asaerodynamic characteristics of a low-drag
wing wlth flaps indicated that:

1. At fixed angles of attack and with flaps deflacted,
the 1ift of the wing increased appreciably with increasing
thrust coefficlent.

2. Changes in pressure dilstribution over the wing
caused by propeller operation were largest immediately
ahead of the propeller and extendad outboard to avproxi-
mately 2.5 propeller radii from the proneller axls.
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With flaps retracted, no appreciable change In wing 1ift
or span load dlstribution waes msasured.

3. No &appraclable shift of transition with varia-
tion of thrust coefficlent was moasured.

Largley Mewmorlal Aeronautical Laboretory
National Advisory Commlttee for Aeronautics
Lengley Fleld, Va.
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(a) Slotted flap retracted. L N

Figure 2.- Several configurations of model mounted in Langley propeller—

research tunnel.
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(b) Double slotted flap.

Figure 2.- Continued.

*ON YOV VDVN

80061

*81d4

a3



(c) Split flap.
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The portion of the flap shown fitted on the nacelle
was not installed for these tests.

Figure 2.- Concluded. “
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Figure 4.- Wake-survey rake installed between wing
N trailing edge and propeller.
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Figure 5.-
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Pressure belt installed on wing.
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